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,QWURGXFWLRQ
,W LVNQRZQWKDWFXUUHQW OHYHORIPDWHULDODQGHQHUJ\XVHRIFXUUHQWPDQXIDFWXULQJDFWLYLWLHVPXVWGHFOLQH WREH
DEOH WR VXIILFLHQWO\ PLWLJDWH FOLPDWH FKDQJH 7KH VKDUH RI LQGXVWULDO JUHHQKRXVH JDV *+* HPLVVLRQV LV









WKH (FRGHVLJQ ZRUNLQJ SODQ IRU  ZLOO IXUWKHU GHILQH RQ KRZ WKLV ZLOO EH LPSOHPHQWHG 7KH ZRUN RQ
(FRGHVLJQZLOODOVRLQFOXGHUHTXLUHPHQWVRQGXUDELOLW\DQGWKHDYDLODELOLW\RIUHSDLULQIRUPDWLRQDQGVSDUHSDUWVDV




HFRQRPLF EHQHILWV VDPH WLPH ZLWK WKH HQYLURQPHQWDO EHQHILWV ³FLUFXODU HFRQRP\ LV RQH WKDW LV UHVWRUDWLYH DQG
UHJHQHUDWLYHE\GHVLJQDQGZKLFKDLPVWRNHHSSURGXFWVFRPSRQHQWVDQGPDWHULDOVDWWKHLUKLJKHVWXWLOLW\DQGYDOXH
DW DOO WLPHV GLVWLQJXLVKLQJ EHWZHHQ WHFKQLFDO DQG ELRORJLFDO F\FOHV´ 3URFHGXUHV WR DFKLHYH FLUFXODU HFRQRP\ LQ
WHFKQLFDO F\FOHVZKHQ ORRNLQJ DW WKH ILQLWHPDWHULDOV DUHPDLQWDLQLQJ UHSDLULQJ DQG VKDULQJSURGXFWV UHXVLQJ DQG
UHGLVWULEXWLQJSURGXFWVUHIXUELVKLQJDQGUHPDQXIDFWXULQJSURGXFWVDQGUHF\FOLQJ




DQG.HOOHQV HW DO '('HQDEOHV UHSDLU UHIXUELVKPHQW DQG UHPDQXIDFWXULQJ SURFHGXUHV5HVSHFWLYHO\3%)











FDVHV UHPDQXIDFWXUHG SURGXFW FDQ DOVR EH VHHQ ³EHWWHU WKDQ QHZ´ IRU H[DPSOH LI WKH SURGXFW VRIWZDUH KDV EHHQ
XSGDWHG LQ WKH SURFHVV RU WKH IXQFWLRQDOLW\ LPSURYHG FRPSDUHG WR WKH RULJLQDO SURGXFW  DV GLVFXVVHG E\ (OOHQ
0DF$UWKXU)RXQGDWLRQ7KHPDLQVWHSVLQUHPDQXIDFWXULQJSURFHVVGHILQHGE\6WHLQKLOSHUDUHWKH
FRPSOHWH GLVDVVHPEOH RI WKH SURGXFW  WKRURXJK FOHDQLQJ RI DOO SDUWV  LQVSHFWLRQ DQG VRUWLQJ RI SDUWV 
UHFRQGLWLRQLQJRISDUWVDQGRUUHSOHQLVKPHQWE\QHZSDUWVSURGXFWDVVHPEO\FRPSOHWHGZLWKILQDOWHVWLQJ
7KHGHILQLWLRQRI UHIXUELVKPHQWKDYHEHHQGLVFXVVHGE\(OOHQ0DF$UWKXU)RXQGDWLRQ  ,Q UHIXUELVKPHQW
URFHVVWKHSURGXFWLVUHWXUQHGWRVDWLVIDFWRU\ZRUNLQJFRQGLWLRQE\UHSODFLQJRUUHSDLULQJPDMRUFRPSRQHQWVLIWKH\
PDOIXQFWLRQ RU DUH FORVH WR IDLOXUH $OVR VPDOO FKDQJHV WR WKH DSSHDUDQFH RI WKH SURGXFW DUH SRVVLEOH 7KH
SHUIRUPDQFHRIWKHSURGXFWFDQEH³DVJRRGDVQHZ´EXWDOVROHVVWKDQ³DVQHZ´7KHZDUUDQW\JLYHQWRWKHSURGXFW
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LVXVXDOO\OHVVWKDQIRUDQHZRUUHPDQXIDFWXUHGSURGXFWEXWLWXVXDOO\FRYHUVWKHZKROHSURGXFW$QRWKHUWHUPXVHG
WRGHVFULEHWKHVDPHDFWLYLW\DVUHIXUELVKPHQWLVUHFRQGLWLRQLQJ
.LQJ HW DO  GHILQH UHSDLULQJ DV D SURFHGXUH ZKHUH VSHFLILHG IDXOWV DUH FRUUHFWHG LQ D SURGXFW $OVR





WR GHWHUPLQH EHVW VWUDWHJ\ WR UHGXFH ZDVWH 7KH\ FRQFOXGHG WKDW IURP WKH HQYLURQPHQWDO SRLQW RI YLHZ DV WKH
UHSDLULQJ DQG UHFRQGLWLRQLQJ SURFHGXUHV DUH WKH EHVW RQHV VLQFH WKH\ UHTXLUH WKH OHDVW HQHUJ\ DQGPDWHULDO WR EH
DGGHGWRWKHSURFHVV+RZHYHUZKHQWDNLQJLQWRDFFRXQWWKHFRQVXPHUEHKDYLRUDQGWKHFXUUHQWFXOWXUHRIIDVKLRQ




XVHG IRUPDQXIDFWXULQJPHWDO SDUWV RU VKDSHV7HUPDGGLWLYHPDQXIDFWXULQJ UHIHUV WRPDQXIDFWXULQJ WHFKQRORJLHV
ZKHUHSDUWVDUHPDQXIDFWXUHGE\MRLQLQJPDWHULDOW\SLFDOO\OD\HUXSRQOD\HUWRPDQXIDFWXUHREMHFWRUVKDSHIURP
'PRGHO,62:RKOHU3%)LVWHFKQRORJ\ZKHUHSRZGHUPDWHULDOLVPHOWHGOD\HUXSRQOD\HUE\ODVHU
RU HOHFWURQEHDP WRFUHDWH VKDSH'('SURFHVV LQ WXUQ UHOLHVRQG\QDPLFPDWHULDO IHHGLQJDQGPHOWLQJHQHUJ\ LQ




7KLV UHVHDUFK LV EDVHG RQ V\VWHPDWLF OLWHUDWXUH UHYLHZ7KH OLWHUDWXUH H[DPLQHG IRU WKLV VWXG\ZKHUH H[WUDFWHG
WURXJK:HERI6FLHQFHZKHQDFFHVVLEOH7KHXVHGZRUGVIRUWKHUHVHDUFKDQGVHDUFKORJLFZDV76 GLUHFWHQHUJ\
GHSRVLWLRQ 25 76 ODVHU FODGGLQJ 25 76 ODVHU PHWDO GHSRVLWLRQ 25 76 GLUHFW PHWDO GHSRVLWLRQ 25 76 ODVHU
GHSRVLWLRQZHOGLQJ2576 ODVHUDGGLWLYHPDQXIDFWXULQJ2576 SRZGHUEHGIXVLRQ2576 VHOHFWLYHODVHUVLQWHULQJ





















































DQG UHPDQXIDFWXULQJSURFHVVHVRIPHWDOOLF SURGXFWV7KH IRFXV LV HVSHFLDOO\ LQ LGHQWLI\LQJSRVVLELOLWLHVRI$0 LQ
SURPRWLRQRIFLUFXODUHFRQRP\DQGH[SHFWHGHQYLURQPHQWDOEHQHILWVEDVHGRQWKHIRXQGOLWHUDWXUH
7KH DVVHVVHG SXEOLFDWLRQV DUH IRFXVHG PDLQO\ LQ HYDOXDWLQJ WKH XVH RI D '(' WHFKQRORJ\ LQ VSHFLILF XVH
DSSOLFDWLRQRULQH[SHULPHQWDOVHWWLQJVLPXODWLQJDSRVVLEOHIXWXUHXVHDSSOLFDWLRQ7KHIRXQGOLWHUDWXUHDOVRLQFOXGHV
UHYLHZDUWLFOHVHLWKHU IRFXVHGRQ WKHGHYHORSPHQWDQGFXUUHQW VWDWHRIDVSHFLILF$0WHFKQRORJ\RU IRFXVHGRQD









WKDW ZD\ UHSDLU EXVLQHVV VR DQRWKHU VHDUFK ZDV GRQH ZLWK %RROHDQ HTXDWLRQ 76 SRZGHU EHG IXVLRQ 25
76 VHOHFWLYHODVHUVLQWHULQJ2576 VHOHFWLYHODVHUPHOWLQJ$1'76 VSDUHSDUW
7KHVHDUFKZDVFRQGXFWHGLQWKHVDPHGDWDEDVHDQGUHILQHGZLWKWKHVDPHDVVXPSWLRQVDVWKHILUVWLQLWLDOVHDUFK
URXQGDQGWZRUHOHYDQWSXEOLFDWLRQVZHUHIRXQG,QDVWXG\E\+RIIPDQHWDO3%)ZDVXVHGWRUHSURGXFHD
SDUW YLD UHYHUVH HQJLQHHULQJ WR WHVW WKH SURFHVV WR EH XVHG IRU UDUH SDUWV RQ GHPDQG DSSOLFDWLRQV ,Q D VWXG\ E\
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4.1. Identified repair, refurbishment and remanufacturing possibilities 
 
$VLJQLILFDQWSRWHQWLDORIXWLOL]LQJGLIIHUHQW'('EDVHG WHFKQRORJLHV LQ UHSDLUDSSOLFDWLRQVZDV LGHQWLILHG7KH
DGYDQWDJHV RI'(' EDVHG UHSDLU SURFHVVHV KDV EHHQ GLVFXVVHG LQ QXPEHU RI SXEOLFDWLRQV DQG WKH\ LQFOXGH KLJK
SUHFLVLRQ QDUURZ IXVLRQ ]RQHV DQGQDUURZKHDW DIIHFWHG ]RQHVZKLFK OHDG WR UHGXFHG SDUW GLVWRUWLRQ LQ HOHFWURQ



























0DQ\ RI WKH OLVWHG DSSOLFDWLRQ ILHOGV DUH VXFK WKDW WKH FRPSRQHQWV KDYH VSHFLDO PDWHULDO SURSHUWLHV DQG
UHTXLUHPHQWVDQGFRPSOH[VWUXFWXUHVRUWKH\QHHGWRHQGXUHVHYHUHZRUNLQJFRQGLWLRQVRUERWK'XHWRWKHVHIDFWV
WKH FRPSRQHQWV DUH RIWHQ H[SHQVLYH DQGYLWDO WR WKHZKROH SURFHVVZKLFK WKH\ DUHSDUW RI DQG LW LV MXVWLILDEOH WR
H[DPLQHWKHSRVVLELOLW\RIUHSDLULQJWKHPLQVWHDGRIUHSODFLQJWKHPLQFDVHRIIDLOXUH$WWKHVDPHWLPHLWKDVWREH
NHSWLQPLQGWKDWWKHUHSDLUTXDOLW\VKRXOGEHWKHILUVWSULRULW\)RUH[DPSOHDFFRUGLQJWR:HQHWDOLQWKH
FDVH RI ORDG EHDULQJ SDUWV VXFK DV WXUELQH SDUWV DQG VKDIWV LQ SRZHU SODQWV WKH RYHUDOO SURSHUWLHV RI UHSDLUHG
FRPSRQHQWVVKRXOGEHHTXDOWRWKHEDVHPDWHULDOWRDVVXUHVHUYLFHSHUIRUPDQFHDQGOLIH















VXFKDV VZLWFKHVDQGFURVVLQJVDUHSDUWLFXODUO\SURQH WRZHDUDQG WKHLUPDLQWHQDQFHFRVWVFDQEHHYHQ WLPHV
JUHDWHUWKDQWKRVHRIVWUDLJKWWUDFNSDUWVRQDSHUPHWHUEDVLV







EXVLQHVVPRGHOV WKHPHWKRG WR DFTXLUH WKH GHVLJQPRGHOV LV FUXFLDO ,Q UHSDLU SURFHVVHV RIWHQ WKH RULJLQDO&$'
PRGHORIWKHGHVLJQVWDJHFDQ¶WEHXVHGIRUWKHUHSDLUSURFHVV,WPLJKWQRWEHVXLWDEOHIRUUHSDLULQJSURFHVVDQGDOVR
LWLVSRVVLEOHLWLVQRWDYDLODEOHDQGWKLVFRPSOLFDWHVWKHSUHFLVHUHSDLULQJRIFRPSOH[FRPSRQHQWV*DRHWDO
WHVWHG LQWHJUDWHG UHSDLU VROXWLRQ DGDSWLYH WR ZRUQ FRPSRQHQW JHRPHWU\ WR DHURVSDFH FRPSRQHQWV ZLWK SRVLWLYH
UHVXOWV
:LOVRQHWDO  OLVWDQXPEHURI UHDVRQVZK\'('WHFKQRORJLHVSURYLGHDSRVVLELOLW\IRUUHPDQXIDFWXULQJ
SUDFWLFHVQRWDYDLODEOHEHIRUHHVSHFLDOO\IRUDHURVSDFHDQGDXWRPRWLYHLQGXVWULHV7KHFXUUHQWVWDWHLQWKLVLQGXVWULHV
LV VXFK WKDWPDQ\ FRPSRQHQWV UHDFK WKH HQG RI WKHLU RSHUDWLRQDO OLIH WLPH SUHPDWXUHO\ EHFDXVH RI OLPLWDWLRQV LQ




0RUURZHWDO FRQGXFWHGDVWXG\IRFXVHGRQ WKHHQYLURQPHQWDODVSHFWVRI ODVHUEDVHGDQGFRQYHQWLRQDO
WRRO DQGGLHPDQXIDFWXULQJ7KH VWXG\ FRQFOXGHG WKDW UHJDUGOHVV RI KRZ WKH WRROLQJ LV RULJLQDOO\ SURGXFHG'('
SUHVHQWSRVVLELOLWLHVIRUHQYLURQPHQWDOEHQHILWVLQUHSDLUDQGUHPDQXIDFWXULQJSURFHGXUHV
:LOVRQHWDOFRQGXFWHGDVXFFHVVIXOUHSDLURIGHIHFWLYHYRLGVLQWXUELQHDLUIRLOVEDVHGRQ'('DQGVWDWH
WKDW WKH VWXG\GHPRQVWUDWHV WKHDSSOLFDELOLW\RI'(' LQ UHPDQXIDFWXULQJ/XHWDO  VWXGLHG WKHPHFKDQLFDO






FRPSO\ZLWK WKH VSHFLILHGGLPHQVLRQ:LOVRQHW DO GHVFULEH WKDW DIWHU VXFFHVVIXO UHPDQXIDFWXULQJSURFHVV




)O\QQ HW DO  GLVFXVV WKH FXUUHQW VWDWH RI WKH DUW DQG IXWXUH RI ZRUNVWDWLRQV IRU K\EULG DGGLWLYH DQG






4.2. Identified expected environmental benefits  
 





FRXOG UHVXOW LQ UHGXFHG HQYLURQPHQWDO LPSDFWV ZKHQ FRPSDUHG WR FRQYHQWLRQDO PDQXIDFWXULQJ SDWKZD\V ,Q WKH
VWXG\ WKUHHFDVHVWXGLHVZHUHSHUIRUPHG&DVHVWXG\$FRPSDUHGPDQXIDFWXUHRI LQMHFWLRQPROG LQVHUWZLWK&1&
PLOOLQJWR'('FDVHVWXG\%FRPSDUHGPLUURUIL[WXUHPDQXIDFWXULQJZLWK&1&PLOOLQJWR'('DQGFDVHVWXG\&
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VWXGLHGUHPDQXIDFWXULQJRIWRROLQJ2QHFRQFOXVLRQRIWKHVWXG\ZDVWKDWVLPSOHPRXOGVZLWKKLJKVROLGWRFDYLW\
YROXPHDQGPLQLPDOILQLVKLQJPDFKLQLQJDUHPRUHHQYLURQPHQWDOO\VXVWDLQDEOHWREHPDQXIDFWXUHGYLD&1&PLOOLQJ
WKDQ YLD '(' ,Q WKH FDVH RI PRXOGV ZLWK ORZ VROLGWRFDYLW\ YROXPH LW ZDV IRXQG WKDW WKH\ DUH PRUH
HQYLURQPHQWDOO\VXVWDLQDEOH WREHPDQXIDFWXUHGYLD'('0RUURZHWDO GHILQH WKHVROLGWRFDYLW\YROXPH
UDWLR ³DV WKH UDWLR RI WKH VROLGPDVV RI WKH WRRO WR WKH WRWDOPDVV RI WKHPLQLPDOO\ ERXQGLQJ YROXPH RI WKH WRRO
DVVXPLQJLWZHUHFRPSOHWHO\VROLGDQGPDGHRIWKHVDPHPDWHULDODVWKHWRRO´
:LOVRQHWDOH[HFXWHGDFRPSDUDWLYHOLIHF\FOHDVVHVVPHQWEHWZHHQUHPDQXIDFWXULQJDWXUELQHEODGHZLWK










7RRO DQG GLH SRZHU SODQW DQG DHURVSDFHPHWDO FRPSRQHQWPDQXIDFWXUHUV DQG SURFHVV RZQHUV DPRQJ RWKHUV
FRXOG EHQHILW LQ WKHLU VHUYLFH EXVLQHVV DQGPRGHV RI RSHUDWLRQ IURP IXUWKHU GHWHUPLQLQJ WKH SRVVLELOLWLHV RI$0
WHFKQRORJLHV LQUHSDLUUHIXUELVKPHQWDQGUHPDQXIDFWXULQJDFWLRQV)XWKHUUHVHDUFKVKRXOGEHGRQHWR LGHQWLI\DQG
YHULI\SRVVLEOHQHZDSSOLFDWLRQVDQGWKHLUWHFKQLFDOSHUIRUPDQFH$WWKHVDPHWLPHLWLVHVVHQWLDOWRDVVXUHWKDWWKH















%255(*2 /3 3,5(6 -7% &267$ -0 DQG )(55(,5$ -0  0RXOG VWHHOV UHSDLUHG E\ ODVHU ZHOGLQJ (QJLQHHULQJ )DLOXUH
$QDO\VLVSS
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),6&+(',&.0 - 52< $$%'(/$=,=$$&48$<( -0 $//:22' -3 &(521<*(1* + .+(6+*, $ /$1=$'
3(5&=<./35,&((6$17$//$&6+(,1%$80$1'.7$1$.$&OLPDWH&KDQJH0LWLJDWLRQRI&OLPDWH&KDQJH




)/<11 -0 6+2.5$1, $ 1(:0$1 67 DQG '+2.,$ 9  +\EULG DGGLWLYH DQG VXEWUDFWLYH PDFKLQH WRROV ± 5HVHDUFK DQG
LQGXVWULDOGHYHORSPHQWV,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROVDQG0DQXIDFWXUHSS
)5$1= 0 %/,('71(5 - DQG +$837 &  /DVHU 0HWDO 'HSRVLWLRQ:HOGLQJ LQ WKH )LHOG RI 7RRO DQG0RXOG 0DNLQJ 3URFHGLD
(QJLQHHULQJSS
*$2-&+(1;<,/0$=2 DQG*,1'<1$Q LQWHJUDWHGDGDSWLYH UHSDLU VROXWLRQ IRUFRPSOH[DHURVSDFHFRPSRQHQWV WKURXJK
JHRPHWU\UHFRQVWUXFWLRQ,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\SS














.,0+3$5.+.22-6(2.&<$1*6 DQG.,00(YDOXDWLRQRIZHOGLQJFKDUDFWHULVWLFV IRUPDQXDORYHUOD\DQG ODVHU
FODGGLQJPDWHULDOVLQJDVWXUELQHEODGHV
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;80/,--,$1*-DQG/,%,QIOXHQFHRI3RZGHUVDQG3URFHVV3DUDPHWHUVRQ%RQGLQJ6KHDU6WUHQJWKDQG0LFUR+DUGQHVV LQ
/DVHU&ODGGLQJ5HPDQXIDFWXULQJ3URFHGLD&,53SS
=+$1* <1 &$2 ; DQG :$1-$5$ 3  0LFURVWUXFWXUH DQG KDUGQHVV RI ILEHU ODVHU GHSRVLWHG ,QFRQHO  XVLQJ ILOOHU ZLUH
,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\SS
=+$1*<0/,3&+(1<DQG0$/($7$XWRPDWHGV\VWHPIRUZHOGLQJEDVHGUDSLGSURWRW\SLQJ0HFKDWURQLFVSS

